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PREFACE

This report was prepared by Applied Science Associates, Inc.

(ASA), Valencia, Pennsylvania, as an Interim Technical Report under Air

Force Contract No. F33615-78-C-0019. Mr. George R. Purifoy, Jr. is the

Principal Investigator and Project Director. The Air Force Human

Resources Laboraboty (AFHRL), Technical Training Division, Lowry Air

Force Base, Colorado, is the sponsor. Dr. Edgar A. Smith is the

Project Engineer.

This study is one of a series of related studies under the

Technical Training Division's Project 2361, Simulation for Maintenance

Training. Project 2361 is an advanced development program to develop,

demonstrate, test, and evaluate selected applications of computer-based

simulation for Air Force maintenance training. The objective of this

program is to build baseline knowledges about techniques, procedures,
and principles necessary for broad applications of simulation in

maintenance training. Simulator training devices are being fabricated

and demonstrated in an operational training environment in order to

establish cost, reliability, and training effectiveness information.

These data will contribute to a determination of training value factors

for eventual Air Force use. Demonstration of the training/cost-effec-

tiveness of simulation techniques, coupled with analyses of effective

simulation management tools, will provide the necessary empirical data

to develop model specifications, design user handbooks, and to prepare

life cycle management guides for the effective utilization of simu-

lation in maintenance training.

Summarized in this report is the process currently in use by the

Air Force to achieve design and acquisition of maintenance training

simulators. Responsibilities for all portions of the process are

defined, specific procedures followed by the Instructional Systems

Development (ISD) team analysts in deriving training equipment design

requirements, and by the System Project Office (SPO) Training Equipment

Acquisition Manager in procurement are detailed, and existing problems

related to training equipment acquisition are discussed.
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SECTION I

INTRODUCTION

This technical report is the first in a series that will explore

the problems of maintenance training simulation design and acquisition.
It is focused on the existing procedures followed by Air Force person-

nel in performing Instructional Systems Development (ISD) analyses to

define maintenance training equipment requirements, and by System
Program Office (SPO) Training Equipment Acquisition Managers in accom-

plishing training equipment procurement. Later reports in this series

will structure appropriate functional specifications for the acquisi-
tion of maintenance training simulators, will present handbooks to

guide ISD analysts in selecting appropriate types of maintenance
training equipment and in designing and documenting required mainte-

nance training simulator characteristics and features, and to guide SPO

Acquisition Managers in preparing Prime Item Specifications.

In this report both the ISD and SPO procedures are described as
they are currently accomplished. Relevant documentation is cited and a

comprehensive bibliography is appended. For each of the two sets of
procedures a general decision model is presented as a reference, and

general problem areas which appear to be degrading the ultimate
cost-effectiveness of maintenance simulators are discussed.

The General Problem

Required maintenance capabilities for Air Force Weapon systems

appear to be increasing as the sophistication of weapon systems

increases. At the same time, training budgets are shrinking. These

factors, and the relatively short post-training careers of a high

percentage of Air Force maintenance personnel, make an increase in the

cost-effectiveness of maintenance training essential. The use of

simulators, as a major approach to maintenance training, is assuming

growing importance as one thrust toward improvement. Simulation, long

an established training technique for system operators, has a number of

potential benefits when applied to the teaching of system maintenance.

These benefits include reduced cost, increased training equipment

reliability, instructionally effective device characteristics, student

1



and instructor safety when practicing operationally hazardous activ-
ities, and the capability for tailored hands-on practice opportunities
through malfunction insertion and the creation of operationally critical
and seldom encountered conditions. However, the realization of these
advantages has, to date, not been spectacular. There are no formalized
procedures for maintenance simulator design. This has resulted in high
variability in the cost-effectiveness of current maintenance simu I 'tors.

Definitions

Classes of Training Devices: This report adopted the training device
classification developed by Kinkade and Wheato 1 in
which all "arrangements of equipment components, apparatus
or materials which provide conditions that help trainees
learn a task" are DEVICES. Devices are then sub-divided,
as indicated in Figure 1, into TRAINING AIDS, which are used
by instructors to present subject matter, and TRAINING
EQUIPMENT, on which trainees practice job/task-related
activities.

Simulator: A trainer which provides hands-on practice for aspects of
the operational job which have been selected on the basis
of their criticality and learning difficulty, with

events/indications reproduced to the necessary degree of
fidelity generally under computer control.

Simulation: The reproduction, in a training setting, of appropriate
subsets (part task/whole task/integrated task) of
performance opportunities which require the same
combination of mental and physical skills, and the
application of the same group of knowledges, as those
required on the job.

Note that most, if not all, items of training equipment
simulate; but that only a tnique subset of them are
defined as simulators.

1 Kinkade, R. G., & Wheaton, G. R., Training device design. In
H. P. Van Cott & R. G. Kinkade (eds.), Human engineering guide to

equipment design. Washington, D.C.: American Institutes for Research,
1972.

4
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Figure 1. Classes of Training Devices
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SECTION It

MAINTENANCE TRAINING EQUIPMENT PROCUREMENT PROCESS SUMMARY

This section is on overview of the process currently followed in
acquiring maintenance training equipment. It provides a framework from
which to discuss the specifics of the two major components of the
acquisition process: the Instructional Systems Development (ISD) team
activities, which are detailed in Section I1; those of the System
Program Office (SPO) Training Equipment Acquisition Manager which are
described in Section IV.

AFHRL-TR-78-28, Description of the Air Force Maintenance Training
Device Acquisition and Utilization Process, provides a relatively
detailed and complete description of the total life cycle for mainten-
ance training equipment. The life cycle can be divided into five
phases:

Phase I - Identification of Requirements.

Phase 1I - Development of Specifications.

Phase III - Procurement.

Phase IV - Utilization and Support.

Phase V - Retirement.

The focus of the current study is on the first three of these
phases. Phase I outlines the responsibilities of the ISD team. Phases
It and III describe the responsibilities of the SPO Training Equipment
Acquisition Manager.

Unfortunately, there is not a single and iniform procedure for
designing and acquiring training equipment ir. the Air Force. By and
large, each procurement, through various mixes of organizations, follows
different procedures and results in different intermediate products
(requirements, specifications, etc.). The following description only
illustrates the major processes.
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process from tile point where the ISD team is established and training
requirements based on formal analyses emerge.

Each of the three primary organizations responsible for conducting
training and training equipment requirement analyses for new systems
makes use of somewhat different data bases, information sources,
technical resources, and analytical procedures. Each has different
procedures and requirements for training analysis documentation and
review. However, each organization identifies and lists maintenance
tasks, and derives from them maintenance training and maintenance
training equipment requirements.

The procedures followed to determine training needs for systems
out of acquisition and for several systems are likewise different
depending on which of the two organizations performs this function.
There is no requirement that either of these procedures (unlike those
governing new systems) follow formalized IS) or other systematic
training equipment requirement analysis. Generally, new training
equipment requirements for these systems come from tile primary
Technical Training Center and are identified by instructor personnel.
Typically they are based upon a need to replace or upgrade existing
training equipment which is damaged or obsolete, or they are based upon
instructors' intuition about the types of tralning equipment which
would enable them to be more effective. Many of these types of
training equipment requirements are developed in coordination with a
system contractor and are implemented through a contractor-inittiated
engineering change proposal (ECP). Such an ECP for a maint ienance
trainer is forwarded to various organi zat tions for approval, includi ng
the 3901st SMES/MBT's maintenance training section, (the primary
training evaluation organization for SAC, located at Vandenberg Air
Force Base, Caifornia) where the recommendations are verified and the
implications for tile new maintenance trainer, in terms of its impact on
organizatton, manning, and logistics, are reviewed.

Phase I1. l)evelopment of Specifications

Tile output of Phase 1, in whatever form it is prepared, is a
statement of requirements for maintenance training eqtuipment. Phase
II translates these requirements into specificat! ons appropriate for
contractor design and fabri ta t ton, Procedures which structure the
development of such spec if ica tions for maintenance simulators are
currently uncertain, and are in a state of change within tile Air
Force. Only a few maintenance training simulators Iave been procured.
Organizational responslittties for the procurement process arv only
now emerging. Tile Simulator S'stem Program Office (SIMSPO), ASD/SI24,

7
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'r i gh t-Pat t erson Ai r Force Wise, Ohio, will as sime res;pons lbilitv for
any new maintenance sitmulators beyond those ctirrent lv in procutrement

At the 13Obth Test and Evaliiat ion Squtadron, Edwards Ai r Force
Rise, California, the TSD team provides the fol lowing training
equi pment requi rements at the end of Phase 1:

1. 1 306 T&ES FORM1 I (TEST) 1d11 79: A compilIatiton (if
behavioral1 requl rement s for each appropri ate trai ner
And/or t raining aid.

- A proposed Couirse, Chart.

3. A proposed Training Standiard.

4. A draft hrinct lonal spec if hat ion modeledi after the
Prime Item Development Spec ificit ton.

Trainting oqidpment roq~pitrement s from the pr imarv Technical
Training Centers (TTWs) ;ire provided on Form 60Olh, aI reqidsit ion form
lised to jut%,itf v the neved for each it em ot requ itred t ra ini n) vqoi pment
in terms of the Specialty Training Standiardi elemeints eaich will
su,"pport , the as socitate'd nuimber of stu~dents , and the nu1mbil r of hour11s Of
ue SOAn1t ic C p1Ate0d .

Requl rements from the 391Ist SMES -'/M11T for SAC systems consist of
ECPs prepared hy the, system coot ractor. Thies-e CPs mlay be backed liv a
t raitni og reqirements an~ lvs is, a Ithouigh to date formal l-SD proceduires
have not been ulsed. Thie E.CPs spec ifv des ired changes for the mi ssil1e
, vs temn 1i anchi cont rol I omplex which impa-ct the s t Iatr and 'r other
t r.flIne rs.

After rein Irement app roval by is ig command , AT a nd the 5 P1, -I
Pr ime It em Deve lo pment Spec if icat ion 1, s enerated. Son ree solect Ion-;
when necessary, aire made risnal1v In n trioc 10t in with ISD persolntel-I ~And/!or the tsnsIrg command or ig I a r fterqiimnts*Often, the

pr ima rv wealpon svs tem cont rac tor will also hanve the respoosiblb 1it v of
complex t ra iers. In these instances, development and fnbricat Ion maYv
be Nuboont rite ted .

:ht rinlg eqnipment design, aI Prel imi nary Des Igo Review ( P1R) , aI
t n Il Cri tical 1 Pes Ig Review ( CD)R), as- well as formal and informal
Interaction between the cont ractor, the SPo, and the ultimte users
shiape' and approve the eqlpment conftgutrat ion. Foll Iow ingl CTR

noot racI t n I aIr ra ngeme n ts a1reI ma de f or equ I pjm en t fn br icant ion an d,

11sua v, v'A I nat tonl.



Phase Iii. Procurement

Procurement procedures for maintenance training equipment are

complex, intricate, and unstandardized. Table 2 summarizes various

procurement responsibilities for different kinds of maintenance
training equipment.

9
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SECTION III

ISD PROCEDURES FOR TRAINING EQUIPMENT DESIGN

In this Section ISD as it relates to maintenance training
equipment design requirements is discussed under three major headings:

1. The process and procedures currently used by the ISD Team
at the 3306th T&ES.

2. A general ISD decision model leading to the identification
and design of maintenance simulators.

3. Problem areas which appear to degrade the effectiveness of
currently produced training equipment requirements.

The ISD Training Equipment Design Process

AFR 50-2, Instructional Systems Development, prescribes that the
ISD process is to be applied to all training planning, including that
done for new weapons systems. Techniques for general application are
described in AFP 50-58, Handbook for Designers of Instructional
Systems, Volumes I-V, and are taught by ATC principally in the
Instructional System Designers course given by the 3700th Technical
Training Wing, Sheppard AFB, Texas. In addition, there have been
developed Interservice Procedures for ISD as well as numerous other
versions of ISD tailored by specific civilian and military

4 organizations to their individual needs and preferences.

In general, all of these ISD ada-tions have in common a flow of
analytical and developmental procedures which start with an analysis of
the activities for which training is required and proceed to:

I. Determine training requirements.

2. Establish training objectives and their sequence.

3. Develop performance measurement techniques.

4. Select appropriate methods and media.



5. Develop instructional materials.

6. Conduct and evaluate the instructional program.

While the specific nature of the tasks themselves determines the
particular characteristics of the developed curriculum and of the
training equipment needed to provide necessary hands-on practice of the
relevant tasks, the ISD approach used is basically the same for all
applications for both new or existing systems as well as for I-Level or

O-Level Tasks.

The 3306th T&ES is currently applying the Air Force organization
ISD procedures to the development of maintenance training and training
equipment for new systems. This organization has a core of highly

experienced ISD team personnel and has evolved an adaptation of the
general ISD model that has been singularly successsful in meeting Air
Training Command/Air Force Systems Command (ATC/AFSC) requirements for
new system maintenance training. Their ISD expertise is unique in the
Air Force and their process is well documented. 3 For these reasons
this Section reviews the procedures of the 3306th T&ES as they relate
to the prescription of maintenance training and the design of
maintenance training equipment.

Figure 2 illustrates the general relationships between the
3306th's ISD process and tht procedural steps or phases outlined in
both AFP 50-58 and the Interservice Procedures for Instructional
Systems Development. The arrows in this figure connect each step or
phase of the two cited ISD procedures to the most similar general step
or specific procedure of the 14-step 3306th's process. Arrows crossing
other arrows indicate activities which are done in different sequences
in the two processes.

Interviews, in addition to those held with the 3306th T&ES on new
systems, were held with ISD training development groups at a number of
locations where production and upgrading of training for existing
systems are done. 4 At none of these other locations was any "by the
book" ISD analysis used in formulating requirements and/or designs for
training equipment. Interviewees reported that formal ISD is generally
done only for new systems. Factors influencing the use of less
analytical methods for existing systems include:

3 3306th Test and Evaluation Squadron, Mission Handbook, ATC,
June 1979.

4 See listing in PREFACE, page I.
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I . Instructors' lack of ISD experience and training, and biases
against formal analyses.

2. Insuf fic ient t ine avai lable for conduct ing forma I ana Iyses.

3. Lack of a comprehensive task data base.

4. Lack of formal 1SD procedural guidance for
developing training equipment.

Manning and Training of ISD Teams

The 330bth has a small cadre of experienced 1S) analysts. Their
assignments typically are new systems which are being developed in the
"fly before buy" mode. Their involvement with these systems usually
begins on or about the time a prototype is assigned to Edwards AFB for
test and evaluation. At times, the 330bth becomes the location ot ISD
teams for systems not yet fully developed to the prototype stage and/or
not assigned to Edwards AFB for testing. In all instances, personnel
are assigned to the ISI) team primarily on the basis of their selection
as future instructors for the initial operational units; a small
percentage is retained as squadron cadre. The operating philosoph v is
that it is more effective to select and train individuals to be ISD)
analysts who are already experienced instructors and Subject M.-atter
Specialists (SMS) than it is to select experienced analysts and attempt
to make of them systems specialists and competent inst ruc tors. The
advantages of this approach include:

I. Experienced instructors generally make good analysts, since
they bring to the ISD process first-hand experience with
training and the knowledge of the types of training
techniques which have worked for them most effectively in
the past.

2 As SMSs, they can quickly learn the specifics of a new
system and can better assure that all system-unique training
requirements are included in the developmental process.

3. Experienced instructors are able to quickly learn
appropriate IS) procedures. Without previous ISD training
and experience, analysts do not come with entrenched ISD
notions which differ from those found effective by the
33o0th.

4. The 3300th T&ES has been able to tailor ISD training for
incoming instructors to specific procedures that have been
found to work best. By imposing strict documentation

1.am
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Iln p rac tice, t he genera I modelI phases are se oino imp Iene t in
st r iot so( tienlt talI ord,-r. Oft tn 0. InAl1\t ic' act iev t ties ove'rl 11. I'lis i

a r t ic -i Iair Iv t rue ini t he ana lys i s Ot St em~ requJl i 1101t S4 Whr I''add i-
t ions aind mod if icat ions to the general data bast, arc ott enl det 01-11i n10d
af ter thte t otal I 151 process is well altong.

Stein 1. Analyze Sy"stem Requi rements. Ilte basic task dta~ ba.se
for mane neow systems is genera iv prov'idedi v th Ilk vt e11.s C011t ?"W~ t 0'r
Systems designted p r ior to a bout mi d 1Q77 w Wrk, dtoe nine n ed bv .1 Vla; .11an1
Skill Analys is Report, 11llustrated bY Figuire 1. Tvp1)ic. iIv , thei,,, da'tI
are in the form of a computer pritout which es senit iail Iv~ p rov ide, ti ask
andi step names, and some verY geneoral informit ion 'oncerningc tas!k
conditions,, crtiteria tor pertf.ormance, aknd crit icail itv ,I te 0 -SeVs;t e MS
ire documen ted be" the eon t ra t or fol1lowing Logi stic Csupport AiialIvs is
(LSA) data formats. However, the compu)(ter pri ntouts ot ISA dlatai are
yore difficult to read and Lo work withl, andk thee curreni'lt v cann11ot !ie
select ive lv format ted be subsystem. As a resutlt 'StSs prO f er t o wor k
f r om thIte h aniid w ri Lteni c o pieos o f thei dta inpu1)t tsheeot s. 'Ihree-0 dt 1A

tormats are most of ten used:

1. a ta 'Sheet, C: Task Anni IYN* is Suivnia ry

2. Dat a Sheet D: Ma ite natnct, and Opeator Taisk Anal \'5is.

3. D ata Sheet iF: Support and Test Fqui pmont orTianin
Material Description and Jutst iticit on).

Figuires 4 and 5 Illutstrate the first and suibsequent pageos f ron Data
Sheet 1).

seldom are any of these data bases, compl et e. The SMS kanal est
must work w ith eng itnering drawings , cont ract or desi I oper' 15001W Tes
Force personnel, and all exist ing technical data, as appropria1te, to
identify the specific tasks which matke up the on1-t e-JOb pc'forManlce

requirements from which training will be derived. Ofteni suibsystems are
in a state of evoltion, making the ident if icat ion anid/or detailed
desc r ipt ion of both 0- and 1-Leve I tasks, impric t ica 1. Add it i ona I taisks
that are identified, and additional informat ion describinig task
per formance are recorded on the 1_10ot T&KS FORM' I ( TES17) as ill ist at ed
In Figure t).

Step 11.* Define Training Requirements. The using commanld for the
new system should provide to the 1St) team tilformat Ion abouit the Air
Force Special ity~ Codes ( AFSCs ) of those who will beomei, the neow svstoem
trainees.* Their prey lots weapon sys tems expert enee, Is al1so ai neededi
Inpuit. Th is in format ion is of ten not available when neeoded inl the 1IS)
process. As a r e sutt, thte a naI vqsts mulis t p)r oceved I It I, aIIv onl 'IA Ssump-l
t toins made by the SMS unttI thee are ver if ted or mod it ted bY both



ATC and tihe using command. Once the specific experience of proposed
trainees is known (or assumed), training standards and SMS experience
(or interviews with individuals experienced in the appropriate areas)
provide the SmS with overall impressions of a profile of entry
cap,,bilities to which training must be geared. With this profile in
mind, the SMS examines each step of each task and identifies those in
wh ic h:

I. There Is a knowledge or a skill new to the trainee.

2. Practice will be necessary to meet on-the-job per-
formance requi rements•

For each task or step meeting either or both of these criteria, there
is assumed to be at least one training requirement. The 330t, T&ES FORM
2 (rEST) is used to document each task and all training requirements in
terms of behaviors, teaching steps (groups of knowledges required for
the learning of the primary steps), the conditions and criteria which
delimit appropriate behavior, and an initial estimate of training time.
Figure 7 illustrates the way in which FORM 2 is prepared. FORM 2b,
Rationale Checklist, (Figure 8) is used is a guide to define training
requirements and to structure additional information about each
requirement.

Step Ill. Develop Objectives and Determine Media. In the process
of filling out FORM 2, the SMF must make judgments concerning

situations which require stimuli in addition to the Instructor and
Technical Orders. The situations are, in general, selected on the
hasis of instructor preference and insight, with the aid of a media
analogram (shown in Figure 9 in the form of a decision table which
represents the same set of deci ions as does the logic flowchart-type
ana logram) and with the aid of the Rationale Checklist (Figure R).
Specific media within any of the defined clas'ses are selected from
instructor preference, from a more detailed listing of media In AFP
50-58, Volume IV, and'or from information about available training
resources for the course under preparation.

Once all media have been identified in this way, the 1306 T&E,
FORM 3 (TEST) is used to compile all behavioral requirements to be
satisfied by each type of media which cannot be locally manufactured.
The types of media for which a FORM 3 is prepared include:

1. rransparenc ies-

2. Slides.

1 Charts, diigrams, iiltstrttions draxrins

4 . lode 1 s/cItaw.1vs.
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RATIONAL' (141 KLIS'T

- This checklist will be annotate~d with a check mark
TASK NUMBER: for each behavioral requirement on the 3306 TIS

Form 2 (TEST' that will be satisfied by academic
10-28-22-00-X j instruction to provide rationale for the training___________Jrequi rement.

REQUIREMENT NUMBERS

TRAINING REQUIREMENT /~~~ ~~

1. New knowledge

2. New skill_ _ _ V
3. Practice required

4. Cope activity

5. Condition/Criteriat

6Unique manipulative skills------------

7. New SE t
8. New special tools - _ _

9. Is technical data available

a. Instr clear A easily understood .

b. Oper steps in logical sequence

c. Schemiatics adequate for
detailed troubleshooting

d. Sys units location identified

TECHNICAL TRAINING MATERIALS (TIM)

10. Is hands-on practice required

11. Isair vehicle practical _ _ - -

12. Is SE required --

13. Is actual equipment required 1
14. Will audio only suffice__

l5. Will static visual alone suffice L '
16. Is static visual ___

and audio sufficient ____

fFt gtr 8. 3 loll TM:8' FORM 2 h (11",T) Ja 71

Rattolial, Checklis



5. Videotapes.

6. Trainers/simulators.

7. Actual equipment.

8. Audio.

1 2 3 4 5 6 7 8 9 10

HANDSON PRACTICE REQUIRED Y Y Y Y N N N N N N

O-LEVEL TASK Y N N Y
AIRCRAFT IS PRACIHCAL Y N
ACTUAL EQUIPMENT IS REQUIRED Y N
AUDIO ONLY IS SUFFICIENT Y N N N N N
STATIC VISUAL ALONE IS SUFFICIENT Y Y N N N
3D REQUIRED Y N Y N

STATIC VISUAL & AUDIO IS SUFF ICIENT N Y Y

AIRCRAFT X
TRAINER X X
ACTUAL EQUIPMENT X
AUDIO RECORDING X
MODEL/CUTAWAY t AUDIO RECORDING X
SOUND-SLIDE X
VIDEO TAPES, FILM, ANIMATED PANEL X
GRAPHICS-PRIN X
MODEL/CUTAWAY X

Figure '). Media Decision Table

A medium item which can be manufictured locally and will not require a
monitored procurement, is not documented on the FORM 3. Figure 1,
illustrates a typical FORM 3.

Each FORM 3 (one for each medium) must also include a description
of the medium itself, its physical characteristics, its content, and

its function. These descript.ions are usually straightforward for all
media, with the exception of major trainers. When the medium is a
simulator or a major piece of complex training equipment, the

24
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desc r i p tion on thle FoRM I is futrt hier doe tined and amp l it ied by t het
preparait ion of a proeI imlnary Funtc tt) ona I Spec if icat ion. I n add it ion
ident if ied medita are of ten reco)rdled on thle SME I og , (opt i ona I) , wit ht
notat ions indicat ing those appropriate for local mnufiact ure.

Step IV.* Plan, D~evelop and V'al idate InstruACt Ion. Once t ra in ng
requiirments and recommended training eqt tpment have been es t ablished,
the method of inst ruct ion is selected which is best stilted to teaching
the specific t asks.* Tasks which geonera te training rcqu i roment s are
examined to ident ify cat egor ies of t ask- level. training re qui remenlt s
I nic 1ud lu1g:

I Facts and definit ions.

C oncept s

3.Pr inci plIes.

4.* Procedures.

S. Mental Ski Its.

t V.svchiomotor SkilIls.

7.At tI tudes .

Once task- lovelI requki rement s are ident if ied, a Toachli ng \tthods
Select ion G~rid (Figuire 1l), is used to select. the mos't approp'rlat
method for providing inst ruct ion on each taisk. Course, control
docuiments atre prepa red which include:

1.Couirse charts, which suimmarize the antic ipated outrse in
eorms of major items of training equitipment reqlired mnd the
sgments of training content to be inc ludted kwit h

associated training, time est imates and any other
Information relevant to the course inst ruct ional design)

2.* oti-se Trratning Standards, which list tasks, kinowiedges,
and proficiency codes, in the pre ferred teaching order.

3. Plan of instruct ion (P01), which provides a relat ivelv
detai led description of the complete couirse by' units of
instruction, criterion objectives, requtired suipport
materials and gidanIce, inst ructilonal unit dutrat Ion, anid A
appropriate Couirse Training Standard references. Th is 1'01
becomes- the lesson p'lan structutre for the training course.
and is typical ly personal ized by each Inistructor uising A
spec ific annotat ions to cuie appropriate In-class Insti ructorI
and/or student act ivity.

2t)
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Once a FORM 3 is pre pa red for eachI medi ur, a.1 cag oftraIng
equi pment diescript lye informat ion is assembled for the Training
Re qu irement s Re commeindat Ion Review Meetinug (TRRRM ) Thei infoarma t ion
package aissemb led includes:

o o r. E*S F0R M .3 trV i: )

2. Proposed Couirse Chart.

1.Proposed Con rse TVrai n ing Standards.

4. Addit ionail informatiton as appropriate to substalnt ate
recommended design (FORM -s, etc.*).

When the package involvos a ma jor trainer, suich as a ma intenance
simulator, it will also include a prel iminary Functional Specificat ion,
AS previous ly described. * i TheRRRM review,- all training, anld t rat - ug
equipment recoummendat ionis from all ot thle S>ISs on the I SO team and
consolidates recommendat ions, and equi pment reqtirements to derive .an
Opt imum media package. When1 thle package is approved by ATC , it is
fo rwa rded to the SPlo for procuirement.

luist ruet iona I mater ialis are pre pa red fol1lowing thle prescript ions,
ot the couirso cotrol docutmentts anid t ii 1ing riterionl 0objtect iVes
dierived from the ana lyses docuimented on 3 Ioo T&.ES FORM 2 -) SI)
Performance and/or writ ten test-, are prepared for cri terion objec( i yes,
ais ouit 1lied in1 thle P1 I Ins t rute t i ona I ma t er ia I s ,consi-,is t i iig o f
Trechinicai Iorders, programmetd text, stuidY guides, workbooks, handtouts',
etc. , are deve loped and i nteg rat ed f ol lowingl thle 1101 s;truicture t o form
aI cohies iye and inst rue t I ona I lyve f f eet i ye presentat ioil. Mterialls aIre
validated as they are prepared and refined prior to final course
c onduict.

Step V. Conduct and Evaluate Instruction. Althiouigh this stepl is
Si St ed as a pa rt o f theit t ot a I S1) p1rocOSS , i t tvpY l10 I I is A C 0 o1mpi Ihed
in a formai ItraiIn tug env'i ronment at an ope rat ional s5it e. Course
conduict is provided by thle SASs whio served as thle I SI t earn and Is donev
uinder the restponsibt Iits' of thle Field Training Group, Techinical
Training Center, or othier managemnent agenicv. Couirseo materials are
revised and upldated as appropriate to improve thleir e I feetivelless and'
to reflect relevanit system changes.

Pit



A Training Equipment Design Process Model

Tile preceding material has described the current Air Force ISO
process for determining the need for and thle charac teri1stic's of inatn-
tenance training equiipment. In this sect ion thle underlying decision
logic which should structure the process of proceeding from task
information to simulator design characteri1st ic s, and of identi 1 fyi ng the
general classes of information whi ch are requi red to support each
decision set is explored. This approach of putting' In to sequence majo r
sets of dec is ions provides a general training equipment design process
model1. The model is a general oine in that dec is ion sets are described
at a level which general izes across most of thle training development
si tuat ions in which the lSD process couild result in maintenance t ra tnt ng
s imulators.

Thle purpose of this design p ssmodel is to lay the g rotindwo rk
for forthcoming hierarchical and associative relationships bet ween
informnat ion about tasks and appropriate training equi pment charalcter-
ist ics and training appl icat ions by comparing it to current ly used
procedures.* The model is an extens ion of exi1stin g 1 51 procedulres and
is intended to lead toward:

1. A determinat ion of appropriate ISD procedure mod if ica-
t ions which will cost-ef fec tivelyv suipport stlmtilat or
deve lopment

2. An ident i f icat ion of the proceduiral stecps wh ich can he
effect ively aided by ha v 1 n a refoerence mania I (handbook')
for proceduiral Ituidance and dat a.

3. The spec if icat ion of thle charact erist hs and spec iftic
cont ent of appropriate ISD documlentat ion of 1M i lit enanice
simultator training requirements.

A Decision Sequience

G iven thle procedural content and the intent of exist 1 n ISD
guidance material, the following general decitsion areas begin at the
point of determining what ilust he accomplished onl the job and end bh
prescribing thle best method of document ing the design as fol1lows:

1. D~etermine the requi red job-relevant skills and
knowledges.

2. Spec ifyv those skills and knowi edges which muiist be
learned by trainees (as cont rast ed to those which the
trainee has already mastLered t rom previouis tr'a ini ng
and/or experience').
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I denlt it V t Ilo se ski IlIs antd knlowi edges WitichI canl he r

Most e t tfee-t ivelIv Ilearnvd , at Ileast in part ,t hrough
Irac L ic-e onl an it ema to tra int I ng ekt i linett

-.. G;roup skill s and knowledges by c lass or t vpe of

t ra in ing equipment.

S.Spec ift for eachi t raining equipment tYpe how well
the assoc ia ted skills and knowi edges mutst be

Dc lc rmine the ordeor inl which spec ific cl isses of
traxiining equiit ent s hounk id e emp lovyed to fac ilitat e
learni ng.

inr eseript ions mf training equiipment chiaracter-
ist ic s that sem to most effect ivelyv sippor t spec ifti c
leairninig roquki rement 5.

S8. Dove lop a pre I iminary P ilin of Iist ruct ion t VO I )wich71
inito g rattes trxxili n ne. eqiMent aikl '11 00t0er appi)-Opr jote

dintii into anl efttoct ive traxiining sconaxrio.

9. Rev' ise andk f inll i -.t thle equi pilxent des' ign andk det ili I
allI re levant futntt ionalI cIwa~cteri s t ics to he ult iI i.'ed
inl the training scenario.

1.Docuiment aill equtipimnt-related trai ining requiremenits
and1% assoc iat ed training equtipment fuine t lna I chariiacter-

itisas thle principal inpukt to thle SPO aeqitist ionl

Figure 12 depict s t lxis dec is ion p rocess and nmxr l ~ thle
principal informational itnpuits necessary to it.

Criticaxl Features

The model represented in Figure 12 highlights a number ot c ri ticail
act ivitieos (dectin sets) which influtence the eftectivenless of train-
Ing equipment as it is uiltimately employed inl a training regimn.
The model also suiggests that cr It icalit v of these activ it ies nc rea seo
with training cqul pment complex ity, since the, potent ial is inc reased
for inappropriate design to s igni ficant lv affect training quialitv, and
to have greater c:ost implications. Crit ical reutitrements for this
dee in model have been classified into four categories:,
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Sys T,'1 11 1 [i-t IS Job Relevant _____ 2. Specify Skills & Knovi iqes 3. Idrtntid.
SLI SIISr5 I & Kiiotdelres which mnust be Learnsed Bt

A, ,rrr 1. Compare vviti iriput capablities iorif rdenf,t F i eiure

Doat is,- new vkilliknow Indrles.1 icm

Tat t. Steps Live 1(0 oI I

F, irlur-cL lIntel val 2. Specify skills,/sets of knowfiee fe~jiriri

E lopsi . T-m rt' 1 costI pra ctice to meet standards.

No, Pr surriei C, terra 2. Pr irc'dur

AFSC C ticality 3. Classify Name,/Locate/Associate ai. time
SoN.Drscrrnrinate/Detect 'Ident y ly offfi
T0N.Monitor c. task

Enfqi reei rg D mj Follow Procedure 0i. high
ErprtOpirnCommun Icate e. many
E ptOiinUse Rules/Principles f. initial

Solve Problems/Make Decision, sece
I~ De ie Skiit 'Knoivledges !TastkStep Perform Continuous Perceptual-

2 Specify relevant performance standards Motor Activity
lUte sta ndar dized verbIs

ITERA IVE--

6. Sequence All 7. Establish Trainirtg to8.

0A Training Requirements Eqimn Ieig C IcpS

1. Classifyi objectives as 1. Group S&K clusters (Step 4) bsy or deierl 1 . Select in
a. Common objectives
b. Task Unique 2. Flowch

2. Select Equipment Type oin basis of a. Sele

2. Classify Task Unique objectives as: a. Ptactice implications of S&K t,. DJeter

a. Having a joh-related order (contingent) b. StUdettt flowV c. Inte
b. Prerequisite for learning others c. Available resources

0. Use simulation if 3. Outline

3. Prepare prerequisite sub-obiectives personnel or equipment hazards
atual equipment is unavailable, 4. Assr

4. Order all objectives: refcat ihcs ahta
a. Contingent objectives in job order 3. Determine Equipment Cftaracteristics 5. Reviewy
b. Relevant common objectivesa.Oetinlfdiymoef
c. Prerequisite objectives & sub-objectives a . Opetitonal fidelit e - moreac

relate to common or contingent oblective U.Isrcintcpblte uar/
-by increasing complextity pr/

Figure 12. Decision Sequence forT
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1. Task Analysis

a. The complete decision process represented by the
model has as its foundation skills and knowledges
derived from on-the-job performance requirements.
These skills and knowledges, ideally, should be
derived by those analysts most knowledgeable about

the job periormance requirement implications of
various hardware designs; personnel subsystem
specialists from the equipment contractor's
workforce who prepare LSA data prior to the ISD
effort. Even with this type of data input,
opportunity must be provided in the ISD develop-
ment schedule for Air Force SMSs to perform
additional skill and knowledge derivation.
Analogous skills and knowledges must also be
available or derivable, for the anticipated
trainee population.

b. Definitive task descriptive data required to
support downstream decision-making. Categories
4hich need to be added to the standard LSA data
base (or to be more descriptively documented
within existing data categories) include:

(1) Performance standards.

(2) The identification of tasks requiring

major psychomotor skills.

(3) Tasks which must be done in conjunction
with other tasks.

(4) Detail in the procedures for the selection

of possible task alternatives (e.g.,
procedures to be followed in contingency
situations or troubleshooting strategies
appropriate to various symptom patterns).

c. Standardized task descriptive verbs are needed to
increase the communication reliability of task and
step descriptions, and to serve as the basis from
which associative selections are made relating,

for example, training equipment characteristics to
types of maintenance tasks.

d. Criteria are needed to provide guidance for the
realistic assessment of practice requirement

implications related to various types of tasks and

steps.
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e. Criteria and guidance are necessary to promote
accuracy and consistency in the classifications of
skills and knowledges which form the basis for
subsequent decisions relating to the selection and
design of training equipment.

2. Training Development

a. ISD-compatible procedures are needed to encourage
and structure the simultaneous design of training
and trainers.

b. Useful and unambiguous criteria are needed to
structure the selection of skills and knowledges
which are appropriate for learning on training
equipment, especially criteria which pinpoint
those for which simulation is not only appropriate
but essential.

c. A procedure is needed which guides the identifi-
cation of the scope of training requirements which
should be incorporated within any particular item of
training equipment based upon an identification of
the optimum order for meeting training objectives.

3. Training Equipment Characteristics

a. Bases and principles are needed to guide the
making of training equipment tradeoffs (that is,
the process of recognizing that various subsets of

training objectives can be effectively realized by
following more than one medium approach). Major
classes of alternatives include:

(1) Selecting equipment which permit practice of
fewer tasks or on part-tasks rather than
incorporating whole tasks or integrated task
practice.

(2) Changes in level of fidelity.

(3) Selection of a smaller subset of practice
situations which are representative
(generalizable) of those needed across any
set of equipment-related training
requirements.

I3
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b. Guidance is needed which describes types and
techniques of simulation as they relate to the
need for various types of practice situations.

c. Procedures and guidance are needed to effectively

relate specific simulator training objectives and

their associated skill and knowledge requirements
to designs of both the operational characteristics

to be simulated and the instructional features

appropriate to optimum learning.

d. Guidance is needed In determining the appro-
priate computer generated/controlled aspects of

maintenance simulation and the programming

requirements which will yield appropriate degrees

of flexibility in simulator employment and in
determining in-house maintenance and updating of
training exercises.

4. Functional Documentation

a. 1SD team documentation specifications for

describing training equipment (especially
maintenance simulators) to initiate the SPO
procurement process are needed.

Major Problem Areas

The preceding material of this section has summarized the IS)

process currently in use in the Air Force. Overlayed on this process

was a general decision model structuring the design and documentat ion

of maintenance training equipment. Contrasting this general model with

information about current Air Force ISI practices has highlighted six

problems areas:

1. Lack of procedural documentation.

2. ISO not fully applied In this area.

3. A Priori simulator selection.

4. Insufficient ISI) team training.
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5. Requt red intormat til not avat I able.

b. Incomplete analYses.

These problem areas over lap and tnt eac t. For examp leI 81
analysts are not t ratined in ce rtai n a reas simply because no formnal
procedu res cuorrent ly exit Ionl whitchi to base, t raining. Each area is
discussed here, however, to assist tin conceptualizing solutitons which
have potential f or improving the ett i ionc'v anld the cost-offect iveness
of the 1St) process ats It. produces t rai ning equl pment recommendat tonls,
part IiularlIy for maintenantc e stmulIat toil.

This c lassifIicat ion ot problem areas associfated with the appli -
cation of 181) prOCkeAtures appears, at first bluish, to beit heavy
I ld I c tmenitt . 11owever , Ini rev iewing the spec i f Ic problemIs WtI th each1 Of
these areas,* it is Import ant to ma inta in it realist ic perspec tivye. Thet.
[SD) concept Is relative ly new, uintitue l v demanding, and not widelY
applIied . Even so, its users, part ictilainlv thet 1300~ithi TN ES have
amassed an impressiv e record of efIfectiv e t raining develtopment and
Implementat tin. This classi t iv '-t ion of exist ing problems needs to hi'
taken for what it I-., ,an at tempt to i dent ify ways Ii which an a 1read " N
successful process can he fuirther improved tin the cost-effect iveness ot
its products.

Lack of Proceduiral D)ocumentat ion

Ani extensivye revitew has been made of the information reqo itrement s
specified to (I 8 anal yses Ii AFP 51) 58, Voluime 11 , Task Analyvsis,
dated 19 .lutv 1478. The descriptions tin thai volume const itute the
primaryv p roced hiralI resou rce for 81) fin the Air Force.* The t v pes,
categories, and overall nature of thet. information requiirements
spec ifited in Al-P 50-58 for the 181) tatsk analysts are both compreheonsive
in terms of the descrtipt ion It prov ides of tasks/act ivit tes and
sufficient to provide the struicture for all appropriate training andt
tra ining equi pment development dec isitons,. Details of the information
rt'qu irement s and the task anal 'v tic procedutres will not be repeat ed in
this report. The headings from the task description worksheet un;ed to
col late and suimmarizie data for the task analvs is are presented In
Figuire 13 ats at general suimmary.

Three major shortcomings characteir Iize 181 docuimentat tonl cuirrent I
fin use , i nchiud i g Al-P t0- 58 and all ofther in 81 references previouisly

1. They describe what is often anl ideal1st ic data
avai labi lity si tuat ion. Much of tilt time thet
depth, accuracy, and reliability of task data
avail able to thet 181) analyst does not permit
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clean abstraction into the specified categories
of the analysis procedure. Few suggestions are
peovided to assist the ISD team member in these
situations.

2. The ISD guides and handbooks available are "principle"
oriented and provide minimum guidance on the procedural
or mechanistic application of these principles in making
training and training device design decisions.

3. The nature of the decision-making required for ISD
necessitates the learning, retention, and integration
of a large number of complex concepts/constructs and
associated knowledges. The procedures, in total,
constitute a set of skill requirements which necessitates
extensive practice for mastery. ISD, in its intended
sense, cannot be conducted by individuals, no matter
how well motivated and operationally knowledgeable,
who have not had an opportunity for extensive practice

and insightful feedback. The ISD process is neither
mystical nor extremely difficult. However, it requires
an ability to conceptually manipulate and dissect
behavioral information. This is foreign to many teaching/
training situations. It demands a degree of meticu-
lousness and exhaustiveness with the minutiae of tasks
and activities in order to make the same kinds of training
decisions that are typically made with far less rigor.

ISD Not Fully Applied

The formal ISD process is not generally used when developing
training equipment for systems out of acquisition or for common
training requirements across several systems. Interviews with ISD
groups working in these areas revealed several instances where the ATC
mandate for the application of ISD to all training development was
causing training development groups to prepare formalized training
objectives for the training courses already being taught. While this
exercise was useful in helping instructors to tighten their instruc-
tional regimens, it could have little effect on making the revised
training more job-relevant. Since little task data in a formal sense
exists for most of the systems out of acquisition, the preparation of
training objectives can be based only on the training course as it
exists, rather than on any formal set of job performance requirements.
Similarly, the associated training equipment for existing courses was
configured on tihe basis of instructor preference and tradition, rather
than on the basis of any formal analytical derivation of simulation and
instructional capabilities.
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Job performance requirements and task analytical derivation of

training requirements is tile major key to tile effectiveness of the ISO
process. With older systems which have no extensive and systematic
task data compilations, it remains impractical, in most instances, to
devote the time and manpower required to amass such task data.

A Priori Simulator Selection

There is a growing emphasis within the maintenance training
development community of the Air Force to consider the use of
simuilators as the primary training medium. While this emphasis forms a
very strong vote of confidence for the maintenance simulation movement,
It appears to reduce the already small inclination on tile part of some
ISID team members to examine alternative means for achieving maintenance
requirements and for making cost-effective training and training
equipment design decisions.

Unfortunately the ISD process as it currently exists provides
little systematic guidance for the selection of specific types of
training equipment. This gap in the ISD procedure increases tile
probability that training equipment selection will be based on
preference rather than on formalized analyses aimed at maximizing
cost-effect iveness. Under these conditions the uniqueness of a
"simulator" may be easily justified for meeting trainting requirements
which could as effectively be met by less costly approaches. To the
credit of the 33Obth T&ES, there have been a number of instances on
recent new system ISI) programs where simu lIators were not recommended.
However, the emphasis remains.

Insufficient ISD Team Training

Selection of Training Equipment. AFI' 50-58 provides little
guidance in the selection of specific types of training equipment to
support tile achievement of specific training objectives. Numerous
"considerations" are suggested, but little formal structure is
available to make tradeotfs among all of the considerations, leaving
tile selection of trainers (from cardboard mockups to full-blown
simulators) to tile SME's preference--all of Lits withifn tile broad
limits imposed by tihe procedtires for using tile Mledia Decision Flow
C~hart or D)ecision Table.

A great deal of research over the years has shown that for ail 'y set
ot tasks to be trained, there are a number of alternative combinations
of traltinig media which can be employed to successfull" achieve
retquired learning. Iowever, 181) team members are not trai ntd to make
imedii tradeoffs to achievo speciftic combilnations of learni ing cAlla-

hilit|,,, ind to maximi e, tile efficiency of a training regimen.
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Training equipment permits student practice of selected aspects of
operational jobs, but seldom is the provision for practice sufficient
by itself. It becomes effective only when integrated into a carefully
orchestrated sequence of learning opportunities. It is this
orchestration that is the key to effective training. Selection of
specific training equipment must evolve from the design of the training
regimen. Current training for ISI) team members does not promote this
process.

Design of Training Equipment Characteristics. Once the decision
has been made to utilize a specific type of training equipment, a whole
new set of training/learning implications becomes critical. These
involve the design of the trainer itself. There are two general
classes of decisions:

1. What aspects of the operational situation should be
simulated, and in what ways?

2. What instructional features or capabilities, in addition
to its simulation capabilities, should be built into the
trainer?

Few SMSs prior to assignment to the 3306th T&ES have had the
opportunity, especially in the maintenance training area, to
participate in the design of a major trainer, and/or have the formal
training in selectively employing tile numerous state-of-the-art
approaches to accomplish particular training strategies. For example,
in the first category (concerning what should be simulated, and how)
there are a large number of considerations dealing with level of
fidelity, such as:

I. Environmental conditions.

2. Stimuli.

3. Response situations.

4. Control-display relationships.

In the second category (concerning what instructional features)
there are decisions concerninig when and how to employ:

I. Enhanced cueing/feedback.

2. Time distortion (freeze, accelerate, repeat).

I 3. Performance monitoring.
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4. Student station.

S. Instrukctor station.

Current lv, tile 1St) team members are not t ra ined to deal1 wi th these
issues in a formal way. Decisions initially reflect SMS experience and
preference; later, when the equipment is in the procurement process,
the contractor's human factors personnel may persuiade tile SMS to agree
to some enhanced set of equipment characteristics. Despite thle humanl
factors input, the recommended characteristics are seldom derived from
an integrated approach to meet the total set of training requi rement s.

Required Information Not Available

Traditionally, systematic training and training equtipment
development efforts, both pre-ISI) and 181), suiffer from di ttIerence inl
time phasing between system development and training s 'ystem
development. Tit- cont inues to be true even with thet cuirrent ISI)
offorts onl new systems being conducted inl a f ly before buy"-
environment, where the forma I ISO) effort is not i nit i ated tiut i I t lie
prototype hardware is undergoing test And evaluat ion. Thiree major
classes of information current ly appear to impede ISO progress ear lv ill
thle ana lyticeal phase:

1.* Maintenance and training conce'ptS. F\,vei though C ie'

ONshoul Id i dent1 i f y ho t h ma i n t vna n ce a nd t ra i n i ng
concepts which will be implemented on ai new s\vst em.
conf irmatiton and oommitment to those concepts ire, at
times, di fficult for the SMS,, to ob-tain. As i
resuilt thet ISD team must tnt It jaillv make
assuimptionls about the uiltimate ma iintenlanc'e
organizat ion and hierarchy of traininig experien1ces
which will prepare people tor tfiel d ma In itevnance
ass Ignments

2.Trainee (target) popuiLation, injCjhid ing leVeIZ 111ad
AFSCs. There are otften tiltff ictil ties inl obtaining,
using command commitmenlts for t a rgt popo 1 at in
relevant to various system maintenancee uie nt
one Consequence of this inahi lity to idenltify thle
sp-seI fic target popuilation early Inl thle 1I) process
is that assumpt ions art, made abouit tile specitfic-
AFSk's and levels to be assigne'd. More imporlt anit I v
assUmptions a~re made abouit the recent weapon svst eml
experience which thet t ir-gt popuilattion will have ais
theY' enter traning. Tilt training requtirements
themselves are bKised uipon thet SMS s 11udgmlent ot new

.-
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skill and knowledge requirements. Thus an erroneous
assumption about trainee previous experience can
produce a mismatch between the job performance
requirements for the new system and the total set of
skills and knowledges which the training program is
designed to generate.

3. Comprehensive task data. The task data base for new

systems is generally produced by the system
contractor. However, the system in its prototype
phase typically does not have a complete and
validated data base. Often subsystems are in a state
of evolution, making the identification and
description of both 0- and [-Level tasks difficult.

There are no ideal solutions to any of these three major infor-
mation area problems. Critical implications of them are: (1) the ISD
team as a whole needs to very carefully coordinate their needs in order
to encourage and promote timely decision-making at the SPO, the using
command, and ATC, and (2) assumptions need to be made early in the ISD
process, documented, and approved/modified as information becomes
available. For existing systems, ISD teams need to "bite the bullet"
and quickly generate relevant task data prior to making major training
and training equipment decisions.

Incomplete Analyses

The key to job-relevant and training-effect ive ISD is comprehen-
sive task analysis information. It consists of the specific skills and
knowledges which must be a part of the job incumbent's repertoire for
successful on-the-job performance. To obtain skills and knowledges, the
task descriptions (the names of specific tasks and steps, a description
of the conditions affecting performance, and a specification of relevant
performance standards) are analyzed to identify the specific behaviors
needed (skills and the application of sets of knowledges). The
behaviors judged new to the trainee are recorded as training require-
ments and are further analyzed to generate training course and traininog
equipment implications. AFP 50-58 describes this process in varying
detail. I n actual use, howeve , these procedures suffer at three major
points:

1. Task and Skill Analysis. Figures 3 and 6 in the
preceding subsection of this report illustrate the
typical contractor computerized dat a base (LSA) and a
completed FORM 1 which record relevant tasks not
found in the LSA data base; (on some systems there
are no contractor produced data and all task
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in it orma t ion is reco rded on tI e FORM 1). The two
forms, together, constitute the typical working data
base for the 1SI) team on a new system. The problem
is that this data base consists ot task descriptions,
but not detailed task analysis. Required skills and
s peci t ic know ledges are not identified. The
procedure, however, is to use the SMS's knowledge of
similar svstemns ald to do the Ma lvs is "ill head."
For any step or any task i n which ,i nw skill or
knowledge is identified, the SMS prepares an entry on
the FORM 2. [he Rationale Checklist L, ,.sed to
document each of these decisions, however, it does
not ident i fv the specific ski Ils and/or knowledges
invo Ived.

The 13 0ith TES procedures spec i tv that behavioral
requirements in the form of skills and knowledges for
training requirements be identified ol the FORM 2.
Hlowever, the FORM 2 often uses the same task
descriptive wording as the FORM I for each step where
training requirements are judged to exist, (the more
experienced the SMS the more likely that the
ciritical behaviors will be comprehensively
identified). If the step is to remove Part A, then
fhe "behavioral requi rement" on the FORM 2 will many
times be "remove Part A." If the removal is
associated with risk of equi pment damage, the
"condition" column of the FORM I might c.mut ion "avoid
damage. " On the FORM 2, the identical "avoid damage"
wording will also be recorded, without specifying the
particular activities which should be followed to
avoid damag,.1e. For SMSs who are completely familiar
with a part icular step ot a specific task (a
con1dition which might be unlikelv in a new system),
tit, "avoid damage" caut ion might be sufficient to
iildluCe .appropri ate recall, so that the specific
ski I Is and knowledges implied are given appropriate
collsideration ini the remaining portions of the
anal'sis. It is possible, however, that in complex
subsvstems solet, important skills and knowledges may
be overlooked.

. lraining Equipment Selection. There are several
problem areas associated with the selection ot
training equl ipment to be utilized in any of the
Slbsvstem matntiena ne training programs for new
systems. First , medIa selection is generally derived
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from the Media Checklist and on personal preference,

and is prescribed to meet specific training

objectives. For training equipment this procedure

often results in all identified training requirements
judged appropriate for practice being assigned to a

major simulator, with various audiovisual media in
support. The procedure does not guide decisions

concerning the use of other types of practice
devices, including part-task trainers, procedures

trainers, etc. Similarly, the procedure does not

facilitate decisions about what set of total practice

requirements should be incorporated in the simulator;

two or more simulators having limited application

might prove to be more cost-effective in a given
training situation than one major all-encompassing

simulator.

Second, media selections are made and documented
prior to the generation of a POI which defines the
sequence and appropriate strategies for achieving
specific training requirements. Thus, often, the POT
is built around the selected media rather than the
media selected to most cost-effectively support an

optimum instructional regimen.

3. Maintenance Simulator Design. The operating
characteristics of a maintenance simulator are
currently selected, primarily, on the basis of the

operating charateristics of the equipment itself. To

paraphrase one SMS, "I'm not interested in exotic

features like providing knowledge of results. I only

need the simulator to behave like the airplane, and I

can teach with it." Consclueatly, most simulator

design recommendations which come from an ISD team to

the SPO (through the TRRRM and ATC review process)
essentially duplicate actual equipment operation.
This is not necessarily bad, but it significantly
reduces the probability that maximum training

usefulness can be d rived from the device.

While it is easy to criticize the curre , simulator

design process, there are not as yet I.,i) procedures

which can systematically produce training devices

with improved cost-effectiveness.
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SECI'ION IV

[liE SPO TRAINING, EQUIPMEN'T ACQUISITION PROCESS

'he System Program Office (SPO) involvement with the training
equipment acquisition process is described 'n this Section under three
main topics:

1. Processes and procedures currently employed.

2. A general model that sequences acquisition decision sets.

3. MIajor problem areas.

Processes and Procedures

he current processes for procuring maintenance training equipment
do not fit into a single pattern. Each weapon system SPO is differ-
ently organized to suit its functional needs. This results in training
equipment management assigned to the Special Projects Office of one
SPO, to Log istics in another SPO, Development and Gperations in a
third, etc.

Broad categories of activities of Training Equipment Acquisition
,\tanagers, however, are common to all SPOs. The activities for which
the manager is responsible include:

1. Validation of training device requirements as
presented by ATC, resulting from the ISI)
process.

2. Validation of the weapon system contractor's
engineering data.

3. Preparation of procurement documentation which
translate ISD-derived training equipment design
requirements into equipment functional
specifications. The training device acquisition
goal is to provide no more or no less than the
projected system requirements.

Ak
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specializing in simulation research with AFHRL are
also available. Engineering psychologists of the Human
Engineering Laboratory of Aerospace Medical Division are
likewise available to provide guidance and research support
directly to the SPO. Personnel located at the contractor's
fabrication facility are assigned to the Air Force Plant
Representative Office (AFPRO) or to the Defense Contract
Administrative Services (DCAS). They may be called upon by
the Acquisition Manger to monitor progress directly,
especially in suspected problem areas so as to assure
equipment quality and to meet required delivery time
schedules.

3. Air Force Documentation. The maintenance training
equipment acquisition team headed by the SPO
Acquisition Manager has documentary resources to
assist in the translation of training equipment
requirements into hardware specifications. Military
Standard 490, "Specification Practices" contains 15
appendixes outlining appropriate types of speci-
fications. AFHRL-TR-78-28, see Bibliography, pages
30 and 31 (Hannaman, Freeble, & Miller, 1978), gives
the details of a two-part specification process
normally employed in the acquisition of training
equipment. The first part is the "Prime Item
Development Specification" and the second part is
the "Prime Item Product Fabrication Specification."

4. Contra" ting Procedures. AFHRL-TR-78-28 accurately
states that the SPO responsibility for development
of the specifications is usualtv accomplished
through a contractor. The Prime Item Development
Specification is usually prepared by the prime
weapon system contractor from the documented
training equipment requirements in conjunction with
ISD personnel, and with direction, advice, and
Approval of thle SPO Training Equt' .- nt Acquisition
Manager. Thus, at least for acqui.-ng training
equipment for new systems, the requirement in AFR
50-1i, Training, Management and Utilization of
Training Devices, that ISD personnel be included insource selections is superseded at an earlier point

In time by the weapon system source selection.

Acquisition Management

The weapon system contractor's responsibilities In preparation of
the Prime Item Dekvelopment Specification for maintenance training
equipment are usually established at svstem souroe selection. This
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decision has customaritv been made because the contractor has ready
access to tile necessary engineering data and expertise.

In most SPO maintenance training equipment acquisiton prog'rams, a
departure from the process prescribed by directives often occurs at the
point when the Prime Item Development Specification for the weapon
system is approved. Most often, as previously described, the prime
weapon system contractor is awarded training equipment delivery
responsibility.

The problem causing the change in the acquisi-tion process, as
stated by regulations, occurs because the prime contractor usuallv
subcontracts the training equipment development and production effort.
Armed Services procurement policy discourages technical inputs to the
subcontracted process by Air Force monitors. Direction of this type
may give the prime contractor reasons to demand additional funding or a
modification of critical delivery schedules. Additional conflicts
occur since regulations require the acquisition manager and team to
maintain visibility and control throughout the development aad
production programs.

Usually, the Intercontinental Ballistic Missile (ICBM) SPO of
Space and Missile Systems Organization(SAlSO)contracts with the weapon
system contractor for training equipment and simulators. This
contractor does not subcontract. Therefore, the ICBM SPO does not
encounter the problem of maintaining program control and visibility.

In other instances when the ICBM SPO contracts directlV for
training equipment from other than the weapon system contractor, the
management problems noted above are lessened by contracting for an
engineering source data package called System Requirements Analsis,
(SRA) from the prime contractor.

rhe SRA package sup lied by the prime weapon system contractor is
defined in SAMSO-STD-77-6 as "A sequential and iterat ive engineering
process designed to establish the functional requirements for each
element of a weapon system. Tile process provides a logical sequence
and a clear record of the development of system requirements to manage
the system engineering effort throughout all phases of system
acquisition." This analysis systematically establishes requirements
for equipment, personnel, procedures, and facilities. Figure V)
indicates SRA Inputs to personnel and training development processes.

Engineering data and support from weapon svstem contractors for
aircraft and electronic system SPOs are often variable in qualtt'y.
Frequently they are not available in time to meet training definition
requirements.
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The apparent critical differences between the SRA approach and
that followed for aircraft weapon system contractors are:

I. The SRA data package has its own detailed and
explicit specification, rather than being an
associated output from the weapon system prime
item specification.

2. Data production milestones and quality are closely
monitored during production.

3. Data outputs are phased with weapon system
development so that updated and expanded packages
are produced as the system(s) are designed. In
this way, preliminary data are released earl.%,
with more detail evolving as development
progresses.

Other maintenance training equipment management differences among
SPOs are caused by varying degrees of participation by engineering
specialists in the decision-making process that supports the SPO
Acquisition Manager. Engineer availability, personnel expertise level,
and the SPO's willingness to consult the engineers are additional
factors which affect decisions.

A Training Equipment Acquisition Process Model

The managerial decisions involved in the SPO training equipment
acquisition process are identified and sequenced in the model that
follows. In an attempt to accommodate the wide range of existing
contractual, organizational, and managerial differences noted above,
the model is necessarily very general. It is, however, applicable to
most acquisition procedures. The decisions required in this process
are indicated irrespective of the agency who may make them, whether it
be the SPO Manager, a contractor, Air Force engineers, or an acqui-

sition team.

The training equipment acquisition process model begins with
training equipment design documents produced by the ISD team. Appli-
cation of the recommended ISD procedures and the employment of the
training equipment design process model proposed earlier structure the
SPO inputs. Even efficiently managed acquisition effort may be wasted
if the procured equipment has been based on an incomplete design

process.
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8. Supervise and part itipato inl the Speck it tod Lest
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us ing commantd anid expert engineer ing glupport t o
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Major Problems Areas

As a re sult o t the rev few k itdcmnttin thet obse rVa t ionls 0
Silo procedures and a study ot the training equ ipvment acqu i sit ionl
decis ions requi red, three problem areas have been i dent it ied:

1 . Variable Kanagement. 1rac t- ices.

2. Lack of ProceduralI Guidance.

3. Late Acquis ft ion.

Variable Management P rac tices

The varijabi lity oft cont rac tualI organzi t i oia 1 and manager ialI
Claracteristics of tle acqui. sit ton process (it ten rot IteCt a rel at ivel v
lOW priority that. mitenan11ce trainling equtipmelnt, has illoprisnt
oilier areas of thle system development process. Lack o1 cons istent
organilition anioni Silos has resulIted inl va r i ng degrees of program
stipport- to ma I nielance training (qi ipmeoit 1manam)en10lt and, uhepetIV.
to v'ariable training equ iipment quialIit v

The single point procurement managemenlt approachlkl empl1O01 hVe "V!'")8

has recent lv beeni implemnixted tor aer'Olaut i ctal mvst ems * S hll' Iha",
been des igna ted to assnie this re sponls bi Ilitv Thmis ora atinhas

eti~s fvc experienice inl matiaiiigg tilte acqusisitin ot flight c row
s fmMatorso This experienice shoul1d VI tect IV'eIV geea -.' to m1i, inl-
tenance ira Ining sfmulators.

Thet mna 'jor advant ages of hav'i ng a11llm i mit oimancet t ral lit ng
s imulators acqutl red throtigh SIMSPh Hnc hide:

I.St andard i zat ion of cont rac t il k, proocedu res that
estahi ism a set of workingp arrangemeint s' wi thI
con trac t ing ott leers anld bttWeen t eam membervs o t

2. It I i 7.at ionl o t I ts own cadreI* 0 t1 11a Innanct'
s lIuI a t or e xpe r ts t o dealI witd tdc i s ll-, reqIIng1%)1
huma n tic t r s a nd vii) I netr log, expe rt Ist'



3. Coordinated channels with Air Force laboratory and
engineering experts who, at times, may be needed to

establish specifications and/or evaluation designs.

Lack of Procedural Guidance

A primary directive in the acquisition of maintenance training
equipment is MIL-T-81821, Military Specification: Trainers, Main-
tenance, Equipment and Services, General Specifications For. This
specification, in the opinion of the authors, appears to place require-
ments for realism and functional fidelity which can adversely affect
the ultimate cost-effectiveness of maintenance trainers, especially
simulators. The directive also necessitates extensive justification
effort if the requirements are deviated from to achieve enhanced
instructional value.

Under conditions where maintenance simulators are being procured
through the weapon system SPO, this directive is particularly cumber-
some. Many Training Equipment Acquisition Managers are new to their
jobs and are relatively unfamiliar with maintenance training and with
equipment procurement. For them, MIL-T-81821 can he especially
misleading in guiding the preparation of procurement specifications.

With the shift of acquisition responsibility for maintenance
simulators to SIMSPO the detrimental effects of MIL-T-81821 will be
reduced. Highly experienced specification writers will be able to
selectively apply the requirements to achieve the training effective-
ness identified and recommended by the ISD analysts. On-going studies
of maintenance training equipment design and acquisition should produce
the principals and procedures to permit future updating of MIL-T-81821.

Late Acquisition

The most important problem area in the acquisition process Is that
the definition of training equipment requirements and the subsequent
issuance of a procurement specificat ion are not accomplished in time to
permit trainer deiivery in support of initial operational training.
There are several related factors Involved. l.ate receipt and lack of
completeness of engineering and task data provided to the IS) teams
prolongs the equipment design period.

i. A staff study conducted and reported by Aero-
naut ica l Sys tens ) ivi s ion recommends cent ra i ized
procurement of matntenance simulators for aircraft
systems in ASD's Simulator SPo (SIMSPO).



A paragraph of the study states: "...the major
funding problem was the need for using training
equipment funds to cover overruns in the A.r
vehicle system." (Maintenance Training Simulator
Procurement, page 8). Earlier training equipment
requirement definition could have provided
contractual utilization of budgeted funds before
they were used for other purposes.

2. The late definition of requirements sometimes
results in a contract which combines research/-
development and fabrication phases. These
procurement practices occur in an effort to meet
required equipment delivery dates by attempting to
make up time lost In defining requirements. This
type of contract often results in funding
difficulty due to an escalation of device
complexity and price.

In addition, there are times when insufficient
manpower availability amotg engineering advisors
whose time is shared among acquisition programs of
several systems delays completion of the spec-
ification. Finally, high turnover rates among SI'O
Acquisition Managers during the procurement process
due to military transfers further slows the
procurement process and detracts from the avail-
ability and cost-effectiveness of the final
training system.
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